T HE investigation of intestinal movements has been beset by the same difficulties that characterized the investigation of the gastric mechanism. Pathological subjects or animals subjected to the disturbing action of drugs and anaesthetics and of serious operations, have been the only sources of our knowledge. A considerable difference of opinion as to the nature of the normal movements in the intestines has resulted from observations made under these necessarily abnormal conditions. The slowly-advancing peristaltic wave and the P~&,eZ&weg~~7zg, or swaying movement, described by Ludwig, have been regarded as true physiological processes. Concerning antiperistalsis and the swiftly-running vermicular contraction, observers are not so nearly in agreement. The activity of the large intestine 252 w. B. cmznon.
has been described as simply peristalsis of a slower rate than that seen in the small intestine.
The staltic best wave.
known of the intestinal movements is t he nor ma1 periThis wave is slow, having a rate of about two centimetres per minute,l is regular, and by most observers is said to move always in one direction.
The progress of the con traction, as suggested by Nothnagel's experiments,2 and, as clearly stated by Mall and by Bayliss and Starling, is dependent upon a local reflex. According to Mall," when an object stimulates the mucosa there occurs above the point of stimulation a constriction which forces the object downward ; and as it moves downward new regions immediately above the mass are by this reflex brought into constriction, and thus the wave and its stimulus advance together. " At the same time," Mall states, '. a sucking force, due to active dilatation below the body, may have a tendency to drag it down."
In what manner an active dilatation of the intestinal wall may occur so as to produce a " sucking force," he does not make wholly clear. Bayliss and Starling, in describing normal peristalsis in the intestine, state that the contractions above the bolus increase until there is a strong tonic constriction. 4 This passes the bolus onward, and as it advances the ring of constriction follows it. While the bolus is passing down, the gut above it is traversed by waves running as far as the constricted ring.
These observer2 state the law of intestinal peristalsis thus: " Local stimulation of the gut produces excitation above and inhibition below the excited spot."
The pendulum movements are characterized by a gentle swaying motion of the coils, and are accompanied by rhythmical contractions of the intestinal wall.
They continue with undiminished force after paralysis of the local nervous mechanism by nicotine or cocaine; they have been called, therefore, myogenic or myodromic contractions. Observers have described them variously as shortenings and narrowings of the gut, rhythmically repeated at nearly the same intestinal circumference; 5 as alternating to-and-fro movements of the long axis without l CASH:
Proceedings of the Royal Society, 1886, xii, p. 227. changes in the lumen; 1 as local or extensive periodic contractions and relaxations mainly of the circular musculature; 2 and as waves involving both muscular coats of the intestine, and travelling normally from above downward at a rapid rate (2 to 5 cm. per second).3 They have been seen in the dog,4 and in the rabbit and cat?
In the cat Hayliss and Starling noticed that when the lumen of the gut was distended by a rubber balloon, there appeared rhythmical contractions, which nearly always were most marked at about the middle of the balloon, i. e., the region of greatest tension.
This form of constriction, which, as my observation shows, is an indication of the manner in which the rhythmical contraction acts in the cat's intestine, Bayliss and Starling seem to have regarded with slight attention, since it did not accord with the law of peristalsis.
The swift vermicular wave may pass the whole length of the intestine in about a minute.
It is often seen just after death, as wkll as in pathological states such as intestinal anaemia or hypet-azmia, and when the bowel contains gases and organic acids from decomposing food? Starling is inclined to regard this type of intestinal activity as an exaggeration of the rhythmic type; Mall, on the other hand, places it in a class by itself, and declares that its service is to rid the intestine rapidly of irritating substances. Nothnagel, who designates this form of movement with the term RoZ&ezuegzbTzg, thinks it is transitional between a physiological and a pathological activity. The existence of antiperistalsis has been so much questioned that it will be considered in a special section of this paper, where my observations may be conveniently introduced. The common understanding of the manner in which food passes through the intestinal canal is that the thyme ejected from the stomach is pressed downward by a peristalsis, which passes slowly over a part or all of the small intestine.
The peristaltic waves of the colon are supposed to constitute an independent group, similar to those of the small intestine, but weaker and slower. Movements of the food other than the uninterrupted advance have been mentioned by some observers.
Starling l states that the effect of the pendulum movement is to mix the contents of the intestine and bring them into intimate contact with the mucous membrane.
Grtitzner writes that he has been brought "by strange and peculiar observations " to believe that the fluid contents of the small intestine move irregularly forward, then forward and back, then perhaps remain quiet for some time, only to pass backward for a long distance and finally to move forward steadily to the end. In this manner the food is mixed, and brought into contact with the absorbing walls.2
The toand-fro shiftings of the food retrograde contractions of the Grtitzner ascribed to advancing and intestinal musculature, and he argued that even circular constrictions must force the liquid contents away in both directions.
To support his contention Griitzner introduced mercury into the intestine and observed it with the Rantgen rays. After noting a backward and forward movement of the mercury he dismissed the method, saying, " Many a flash must come from the Rijntgen tube before the tzorwal movement of the intestinal contents is made entirely clear by this method."
The following account is a summary of many repeated observations on different animals, and is a contribution to a clear understanding of the normal movements of the intestines and their contents.
THE

METHOD.
The method employed in this investigation is identical with that used in 1897 to observe the nitrate of bismuth, one-tenth movements of the stomach.3 Subto one-third the weight of the food, was mixed with what the animal ate. Thus far observations have been made almost exclusively on cats. The subnitrate of bismuth was generally mixed with canned salmon, -a food which cats relish. The animal to be observed was usually not allowed to eat anything during the day previous to the observation, and moreover was cornmonly given from four to six teaspoonfuls of castor oil to clear the bowels.
A tranquil mood on the part of the animal was found to be quite as necessary for seeing movements of the intestine as it was for securing normal activity of the stomach. For this reason female cats, which submit quietly to the confinement of the holder and the straps, proved to be much; more favorable subjects than the males, which struggle violently when tied into the hammock.
Curiously the crackling and rumble of the static machine, which generated the electricity for producing the X-rays, instead of frightening the animal had often a soothing effect.
The appearance of the food in the alimentary canal is shown in Fig. I , the reproduction of a radiograph taken five and three-fourths hours after the animal finished eating. The cat lay on her back, and the photographic plate was placedover the front of the abdomen. The intestines move up and down in the body cavity with each respiration ; in order to secure clear outlines, a leaden plate was slipped between the cat and the Crookes tube during inspiration and the beginning of expiration, and then removed till the beginning of inspiration.
Thus the plate was exposed to the rays only during the pause recurrent at the end of each expiration, when the shadows resume approximately their former position.
Records were taken, both by FIGURE 1. the screen. The reliability of the latter method has been proved by comparison with radiographs taken immediately before or afterwards. In Fig. I the spinal column is seen in the middle line with the pelvis below. On the right, above, is the pyloric end of the stomach, and on the left, dimly outlined as a lighter area, because of the presence of gas, is the ascending colon. In the caecum there is a small amount of food present.
Loops of small intestine containing food are to be seen in various parts of the abdomen.
These loops are often distinct enough to allow movements in them to be seen without any manipulation ; when this is not the case, however, and the loops overlie one another, as on the right side of Fig. I , a slight pressure with the fingers through the abdominal wall will readily separate from neighboring loops the one to be observed. When the food has been distributed through the intestine so as to present the appearance shown in Fig. I , a noticeable feature in most or all of the loops is the total absence of movement.
If the animal remains quiet, however, only a few moments elapse before peculiar motions appear in one or another of the loops, or perhaps in several, and last for some time.
These motions consist in a sudden division of one of the long, narrow masses of food into many little segments of nearly equal size; then these segments are again suddenly divided and the neighborin g halves unite to make new segments, and so on, in a manner to be more fully described.
I have called this process the the most interesting mechanical process to be seen in the small intestine.
The nature of the process may best be understood by referring to the diagram in Fig. 2 . A string-like mass of food is seen lying quietly in one of the intestinal loops, line I, Fig. 2 . Suddenly an undefined activity appears in the mass, and a moment later constrictions at regular intervals along its length cut it into little ovoid pieces.
The solid string 1 is thus quickly transformed, by a simultaneous sectioning, into a series of uniform segments.
A moment later each of these segments is divided into two particles, and immediately after the division neighboring particles (as CT: and b, line 2, Fig. 2 ) rush together, often with the rapidity of flying shuttles, and merge CO form new segments (as c, line 3, Fig. 2 ). The next moment these new segments are divided, 1 In lieu of any better short expression, Lb string " of food is used to designate the long slender mass of the contents lying in a loop of the intestine. and neighboring particles unite to make a third series, and so on. At the time of the second segmentation (line 3, Fig. 2 ) the end particles are left small. Observation shows that these small pieces are not redivided.
The end piece at A simply varies in size with each division;
at one moment it is left small, at the next moment it is full size from the addition of a part of the nearest segment, and a moment later is the small bit left after another division.
The end piece at R (probably the rear of the mass) shoots away when the end mass is divided, and is swept back at each reunion to make the large end mass again, only to be shot away and swept onward with each recurrence of the constrictions.
Thus the process of repeated segmentation continues, with the little particles flitting toward each other and the larger segments shifting to and fro, commonly for more than half an hour without cessation.
From the beginning to the end of a period of segmentation the food is seen to have changed its position in the abdomen to only a slight extent; whether this change is a passing of the food along the loop, or a movement of the loop itself, it is impossible to tell from the shadows on the screen.
The change of position, however, is much less conspicuous than the lively division and redivision which the mass suffers so many times from the busy, shifting constrictions.
From this typical form of rhythmic segmentation there are several variations.
Sometimes, and especially when the mass of food is thick, the constrictions do not make complete divisions and are so far apart that the intermediate portions are relatively large. Moreover the constrictions do not take place in the middle of each portion, but near one end; thus each portion is constricted, not into halves, but into thirds.
If a little pointer is placed at the middle of a segment, when the segments are completely divided into halves, in a few seconds the pointer will be in the middle of the clear space between two segments ; but in a few seconds more the first phase will return and the pointer * will again be indicating a segment, -two operations intervene between similar phases.
When, however, the portions are constricted into thirds, the indicator shows it, since three operations intervene between similar phases. The manner of these changes is made clearer by reference to the diagram in Fig. 3 . That each portion is constricted into three pieces is proved also by watching the gradual reduction of the portion at the left end of line I through lines 2 and 3 ; and also in the gradual formation of a full-sized portion at the right end of lines 2, 3, and 4. When food undergoing this process is watched, it W. B. Cannon. appears to be affected by a series of constrictions, each of which starts at one end of the mass and marches through to the other end, leaving its impress at short intervals along the length. The progression of the dotted lines from right to left in a, b, c, and d, etc., Fig. 3 , gives a notion of these advancing constrictions.
Another variation of the segmentation is shown in Fig. 4 . In this type there are evidently divisions and subdivisions, i. e., one more operation between the appearance and the reappearance of the same phase than is present in the simple division of the small segments in a long string of food (Fig. 2 ). This form of segmentation is fairly typical for the constrictions seen in food advancing through the intestine.
Sometimes the divisions occur in the middle of a long string of food and leave the ends wholly unaffected. A remarkable feature in the segmentation of the food is the rapidity with which the changes take place. The simplest way of estimating the rate of division is to count, not the number of times the partition of the food recurs in the same place, but the number of different sets of segments observed in a given period. Thus in Fig. 4 the appearances of lines I, 2, 3, 4, etc., would be counted, and not merely lines I, 4, etc.
Repeated observations on different animals have shown that the most common rate of division in long, thin chains of food varies between 28 and 30 times in a minute, i. E., there is a change from one set of segments to another set every z seconds, and a return of the same phase every 4 seconds. In some cases the rate is as low as 23 times per minute.
The larger masses seem to be associated with a slower segmentation ; the operations indicated in Fig. 3 , for example, occurred from 18 to 2 I times in a minute, so that the same phase reappeared only once in 8 or g seconds. The segmentation frequently continues for more than half an hour; in one instance it was seen to persist with only three short periods of inactivity for two hours and twenty-two minutes. At the rate of 30 segmentations per minute it is clear that a slender string of food may commonly undergo division into small particles Study of Movemetzts of Intestzizes by Rb'ntgen Rays. 259 more than a thousand times while scarcely changing its position in the intestine.
I have seen once, in a cat only lightly etherized, the exterior of an intestine which was dividing the food as above described. An hour and a half after a meal of salmon the anesthetic was given, the abdomen opened, and the flaps raised so as to form walls.
Warm salt solution was then poured into the abdominal cavity, and the floating coils left covered with the transparent omentum.
The gastric peristaltic waves were running regularly ; on the intestine there were visible at various places during the period of observation regions of constriction which had the appearance shown in Fig. 3 , except that the rings were relatively nearer together.
New rings of constriction took place on the same side of all the bulging parts at the margin of the constricted portion (c-$ dotted 1ines; Fig. 3 ). As new rings occurred the old relaxed, but apparently with tardiness, for the contents gurgled as if forced through the narrowed lumen.
The constrictions recurred irregularly and at much longer intervals than in the normal animal.
The contracted rings were pale and bloodless. The effect of the process of rhythmic segmentation proves it an admirable mechanism.
The food over and over again is brought into closest contact with the intestinal walls by the swift kneading movement of the muscles.
Thereby not only is the undigested food intimately mixed wi.th the digestive juices, but the digested food is thoroughly exposed to the organs of absorption. Mall1 has shown that contraction of the intestinal wall has the effect of pumping the blood from the submucous venous plexus into the radicles of the superior mesenteric vein and thus materially aids the intestinal circulation.
Moreover, lacteals loaded with fat will in a few moments become empty unless the intestine is slit lengthwise so that the muscles cannot exert compression .2 The rhythmic constrictions, therefore, both prope i the blood in the prom oting the flow of ly mph Par 1 n the lacteals. tal circulatio n and act like a This single m heart oveme nt with its several results is an excellent example of bodily economy : the repeated constrictions, as already shown, thoroughly churn the food and digestive fluids together, and also plunge the absorbing mucosa into the very midst of the food masses; but not only are the processes of digestion and absorption favored by these movements,-they also, by compression of the veins and lacteals of the intestinal wall, serve to deport through blood and lymph channels the digested and absorbed material.
Perista1sis.l -The phenomena of peristalsis and' segmentation are usually combined in some manner while the food passes through the small intestine.
Peristalsis is observed normally in two forms; as a slow advancing of the food for a short distance in a coil, and as a rapid movement sweeping the food without pause through several turns of the gut. The latter form is frequently seen when the food is carried on from the duodenum ; and it may readily be produced in other parts of the small intestine by giving an enema of soapsuds.
When a mass of food has been subjected for some time to the segmenting activity of the intestine, the separate segments, instead of being again divided, may suddenly begin to move slowly along the loop in which they lie. That this movement is not a swinging of the coil as a whole, but a peristaltic advance of separate rings of its circular musculature, is made probable by the fact that the succeeding segments follow along the same path their predecessors Another form of slow peristalsis is frequently observed when the food is pushed forward, not in small divisions, but as a large lump. The relatively long string of food is first crowded into an ovoid form as the forward movement begins, and as it is collecting thus, it seems at the last to be suddenly formed into a more rounded ball, as if the mass were pulled or pushed together at the two ends. The next moment it is indented in the middle by a circular constriction (as shown in Fig. 4 , line 2j, which spreads it in 'both directions along the loop. The trailing portion (o) is next cut in two, and the severed part some- times flies back over its course about a centimetre.
Now the whole mass is swept together again and slightly forward as shown in line 4, Fig. 4 , and the segmenting'process is repeated. At stage 3, Fig. 4 , a constriction sometimes appears around the middle of the advanced portion (Q.
Thus with many halts and interruptions the food slowly advances.
A slight variation of the movement just described is observed when the amount of food is greater and extends farther along the intestine. Under such circumstances, as the mass moves forward, constrictions appear just in front of body, and cause it to s the rear end, which separate it from t he main hoot bat kward sometimes throu gh the dis tance of a centimetre.
The main body meanwhile is not disturbed. No sooner has the rear section been shot away than it is swept forward again into union with the rest of the food, and the whole mass then advances until another interfering constriction repeats the process.
Rhythmic segmentation and the pendulum movement.
-There is little doubt that the segmentation of the food which I have seen is due to an activity of the intestinal musculature similar to that which causes the so-called pendulum movement.
This activity, as already noted, is rhythmic, and, although accounts differ,l analytical methods prove that it involves both the longitudinal and the circular layers of muscle.
Observations of the effect of the rhythmic contractions upon the food show that the action of the circular fibres is most prominent.
It is probable, however, that the longitudinal fibres also play an important part in the process of segmentation. Examination of Fi g. 2 makes clear that in line 2 the regions of constriction appear between the regions of constriction in line 3 ; before c can be formed, therefore, the constriction between n and b must re; lax Contraction of the longitudinal fibres between two segments would help to enlarge the constricted lumen of the gut. It seems probable that, as the constrictions on either side of c occur, the longitudinal fibres between them contract; almost simultaneously the constriction between n and b relaxes, and the two particles are thus brought swiftly together. A similar process naturally would take place for each of the shifting segments.
Thus the function of the longitudinal muscles would be to contract between new rings of constriction and thereby aid in relaxing the former ring between them. loop just as before. This phenomenon was repeated again and again till finally the string was divided and the forward piece pushed through a tortuous course to the colon.
The course of the food in the small intestine.
-Chyme not forced from the stomach by every wave that passes over the antrum, but only at intervals? When the pylorus relaxes, the food, moved towards the pylorus under considerable pressure, is squirted along the duodenum for two centimetres or more. Careful watching of this food show until S a that usu .ally i t lies .dditions have been for some time in the curve of the duoden made to it from the stomach, and a long, t string of food is formed. While it is resting in this place it is exposed to the outpouring of the bile and pancreatic juices. All at once the string becomes segmented (see Fig. 9 , and the process of rhythmic segmentation continues several minutes, thoroughly mixing the urn hin l RAISER:
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intestinal digestive juices with the thyme. In this region the alternate positions of the segments are sometimes far apart, and the to-andfro movement of the particles may be a relatively extensive and very energetic swinging.
Finally the little segments unite into a single mass, or form in groups, and begin to move forward.
The peristalsis here, as already mentioned, is much more rapid than the normal peristalsis elsewhere in the small intestine.
The masses once started go flying along, turning curves, whisking hither and thither in the loops, moving swiftly and continuously forward. After passing on in this rapid manner for some distance the food is collected in thicker and longer strings resembling the strings seen characteristically in the other loops. Towards the end of digestion the small masses shot out from the stomach, after a few segmentations, may move on in the rapid course without being accumulated in a larger mass until the swift movement ceases.
During the first stages of digestion in the cat's small intestine the food usually lies chiefly on the right side of the abdomen ; during the last stages the loops on the left side contain the greater amount of food. In these loops the food remains sometimes for an hour or more with no sign of movement.
All at once a mass begins to show irregular depressions and elevations along its length, and then suddenly it is divided, at first partially, later completely, into many little equal parts, and these repeatedly undergo division and reunion, division and reunion, over and over again, in the manner described above as rhythmic segmentation.
After a varying length of time the activity wanes, and the little segments are carried forward individually and later brought together, or join and move on as a single body, or they may reunite and lie quietly for some time without further change. Thus by a combined process of kneading and peristaltic advance the food is brought to the ileocaecal valve to enter the large intestine.
Kecords from ten different animals show that salmon does not appear in the small intestine until an hour or an hour and a half after the food is eaten.
Inasmuch as five or six hours elapse after eating before this food begins to be seen in the colon, it is evident that the thyme takes four to five hours to pass the length of the small intestine.
It is interesting to note that the operations are considerably shortened if the meal has consisted of bread and milk. THE COMPETENCE OF THE ILEOCAXAL VALVE.
The ileocaecal valve in the cat is situated three or four centimetres from the blind end of the czcum.
Its position is usually marked in shadows of the food in the colon by a slight indentation, towards which masses about to enter the colon are ordinarily directed from a point somewhat distant in the small intestine (see Fig. 6 ). # Regarding the competence of the ileoczcal valve many observations have been made. Grtitzner has reviewed the evidence bearing on the question l and concludes that the valve is not competent, least of all for liquids.
He declares that as soon as liquids or thin fluid masses appear in the upper part of the colon, they pass in many instances into the small intestine the moment that the pressure on the colon side rises slightly.
If the colon contains a solid or a thick mushy mass, the passage towards the small intestine is scarcely possible, because every increase of pressure in the large intestine must force the two lips of the valve together and close it.
The importance of the competence of the ileoczecal valve under normal conditions cannot be appreciated until the function of the first part of the colon is considered.
In order that this part of the intestinal mechanism may perform its service, the competence of the valve for the food which enters the colon from the ileum should be perfect. As a matter of fact such is (the case. Not only does the activity of the colon prove this statement, but the failure of every attempt to drive the food in the colon back through the valve into the ileum confirms the proof.
Again and again I have tried, by manipulation through the abdominal wall, to press the normal contents of the colon downward with sufficient force to cause them to return to the small intestine, but without success.
The valve held perfectly.
THE MOVEMENTS OF THE LARGE INTESTINE.
When the large intestine is full, palpation through the abdominal . wall demonstrates that the material in the lower descending colon 2 and in the sigmoid flexure is usually composed of hard, incompressible lumps, while that in the ascending and transverse colon and the caxum is soft, permitting the walls of the gut to be easily pushed together.
The conclition of the contents in these two regions seems to indicate a rough division of the large intestine into two parts, and the mechanical activities of these two parts verify the differentiation.
In the descending colon the material is very slowly advanced by rings of tonic coilstrictions (see Fig. 7 ) ; in the ascending and transverse colon and in the caecum by far the most common movement is an antiperistalsis.
Antiperistalsis in the colon.
-The colon of cats which have been without food for a day usually contains enough gas to make the position of the gut distinguishable with the fluorescent screen (see Fig. I ). The first food to enter the colon from the small intestine is carried by antiperistaltic waves into the caxum (Fig. I) , and all new food as it enters is also affected by these waves.
Thus the contents of the colon, instead of being driven immediately toward the rectum by slow peristalsis, as is the general opinion, are first repeatedly pushed toward the cxcum by an antiperistaltic action. These antiperistaltic waves follow one after another like the peristaltic waves of the stomach (see Figs. 5, 6, and IO). They begin either on the more advanced portion of the food in the colon (when only a small amount is present), or at the nearest tonic constriction, which is usually at the turn between the transverse and descending colon (Figs. 7 and 8 ). ' The waves rarely run continuously for a long time.
When the colon is full, it is usually quiet. The first sign of activity is an irregular undulation of the walls, then very faint constrictions passing along the gut toward the czcum. These constrictions may first appear only on the ascending colon. As they continue coursing over the intestine they become deeper and deeper until there is a marked bulging c between successive constricWhen the waves have thus become more prominent, they tions. are seen to start near the end of the transverse colon and pass withAfter these cleepest out interruption to the end .of the caecum. waves have been running for a few minutes the indentations grow gradually less marked until at last they are so faint as to be hardly discernible.
The final waves are sometimes to be observed only at the end of the transverse colon. Such a period of antiperistalsis lasts from two to eight minutes, with an average duration of four or five minutes.
The periods recur at varying lengths of time; in one instance a period began at 1.38 P. M. and was repeated at 2.06, 2.34, 2.55, 3.15, and at 3.36, when the observation ceasecl ; in another instance a period began at 2.43 P. M. and was repeated at 2.57 and at intervals of from ten to fifteen minutes thereafter while the animal was being watched. The waves have nearly the same rate of recurrence as those in the stomach; about five and a half waves pass a given point in a minute, i. e., eleven waves in two minutes. This rate has proved fairly constant in different cats and at different stages in the process of digestion ; in one case, however, the waves passed at the rate of nine in two minutes.
The stimulating effect of rectal injections on the movements of the small intestine has already been noted. Enemata have also pronounced stimulating action on the antiperistalsis of the colon. Usually the almost immediate result of a rectal injection of warm water is the appearance of deep antiperistaltic waves, which often continue running for a long period. In one case, after an injection of 50 C.C. of warm water, the waves followed one another with monotonous regularity during an observation lasting an hour and twenty minutes. The manner in which this antiperistaltic mechanism affects nutrient enemata introduced into the bowel will be discussed in the section devoted to the question of antiperistalsis.
These constrictions passing backward over the colon do not force the normal contents back through the valve into the small intestine again. I have seen hundreds of such constrictions, and only twice have there been exceptions to this rule, -once under normal conditions, when a small mass slipped back into the ileum, and at another time when a large amount of water had been introduced into the colon. The importance of the competence of the ileocazcal valve is now apparent ; indeed, antiperistalsis in the colon gives new meaning and value to the location of a valve at the opening of the ileum. For, inasmuch as the valve is normally competent, the constrictions repeatedly coursing toward it force the food before them into a blind sac. The effect on the food must be the same as the effect seen in the stomach when the pylorus remains closed before the advancing waves. The food is pressed forward by the approach of each constriction ; but since it cannot go onward in the blind sac, and is, moreover, subjected to increasing pressure as the constriction comes nearer, it is forced into the only way of escape, i. e., away from the caecum through the advancing constricted ring. About twenty-five waves affect every particle of food in the colon in this manner during each normal period of antiperistalsis. The result must be again a thorough mixing of the contents and a bringing of these contents into close contact with the absorbing wall -a process which has already been variously repeated many times in the stomach and in the small intestine.
Two other movements have been observed in the ascending colon, but they are rare appearances.
The first of these was a serial sectioning of the contents noticed in an animal given castor oil with the food. A constriction separated a small segment in the cczcum ; another constriction then cut off a segment just above the first, and with the disappearance of the first constriction the two separated segments united. A third segmentation took place above the second, and the changes occurred again. Thus the whole mass was sectioned from one end to the other; and no sooner was that finished than the process began again and was repeated several times.
A slight modification of this movement was observed in a colon containing very little food.
The mass was pressed and partially segmented in the manner characteristic of the small intestine, and was thus again and again spread along the ascending colon and each time swept back into a rounded form by antiperistalsis.
The second of the two movements mentioned above consisted in a gentle kneading of the contents.
This was caused by broad constrictions appearing, relaxing, appearing, relaxing, over and over again in the same place. When several of these regions were active at the same time they gave the food in the colon the appearance of a restless undulatory mass.
Once a constriction occurred and remained permanently in one place while the bulging parts on either side of it pulsated alternately, at the rate of about eighteen times in a minute, with the regularity of the heart-beat. Although these phenomena are somewhat striking, they are not usual, and are in no way so important as the antiperistalsis.
The changes when food enters the colon.
-The passage of food through the ileocaecal valve seems to stimulate the colon to activity. ,4s food is nearing the ileocEca1 valve the large intestine is usually quiet and relaxed (Fi g. 6,4.00), though occasionally indefinite movemen the end of ts are to be observed the ileum th ; and .e circ ular fibres of the colon sometimes just before th , e food reaches in the region of the valve contract strongly, so that a deep indentation is present there.
The indentation may persist several minutes; it disappears as the muscles relax just previous to the entrance of the food. The food is moved slowly alon g the ileum and is pushed through the 26s w. B. cmman.
valve into the colon.
The moment it has entered, a strong contraction takes place all along the cc7ecum and the beginning of the ascending colon, pressing some of the food onward, and a moment later deep antiperistaltic waves (Fig. 6, 4 .03) sweep down from the transverse colon and continue running until the czecum is again normally full, i. e., for two or three minutes.
The appearance of tonic constrictions.
-It has already been noted that as the food accumulates in the ascending colon it is at first confined to this region by antiperistaltic waves.
With further accessions, however, the contents naturally must be pressed more and more into the transverse and descending colon. In the early stages chiefly in the descending similar appearance in the of this accumulation, while the food lies chiefly in the ascending colon, the only activity of the muscular walls is the antiperistalsis.
As the contents extend along the intestine a deep constriction appears near the advancing end and nearly separates a globular mass from the main body of the food (Fig. 6) . The contents of the large intestine progress farther and farther from the caecum ; meanwhile new tonic constrictions appear which separate the contents into a series of globular masses. And as the number of these divisions increases they take a position farther from the caecum so that they are present colon (Fig. 7) .
Raiser1 has recorded a terminal portion of the rabbit's colon, in which deep circular constrictions separate the scybalous masses. He maintains that these masses are pushed onward by the constrictions.
Comparing tracings made at rather long intervals (fortyfive minutes), I found that the rings disappear from the transverse colon and then are present with the waste material in the descending colon. Thus in the cat also these rings which seem with short observation to be remaining in one position are in reality moving slowly away from the caecum, pushing the hardening contents before them.
The contents at this stage are no longer fluid, and consequently they must offer considerable resistance to a force pushing Stua$ of Movenreuis of htesiines &y Riidgen Rays. 269 them through the colon. It is an advantage to have this pultaceous substance propelled in divisions rather than in a uniformly cylindrical mass, since the fibres along the length of the mass are thereby rendered effective. Such are the functions of the persistent rings, -they form the waste matter into globular masses at the end of the transverse colon and slowly push these masses onward.
In the transverse colon, which is free from the slowly-moving rings, the antiperistaltic waves have full sway.
In the region of the tonic rings an infrequent or even a slowly periodic relaxation and contraction are often to be observed. are easily compressible, while the fecal masses which are the final result are relatively hard and dry, it follows that even within the confines of these persistent rings some absorption is taking place.
DEFECATION.
The process of clearing the colon is a process of repeated reduction of the amount of material present. Figure 8 (3. I t ) is a radiograph showing the food in the colon at 3.1 I P. M. About 3.25, with a slow sweeping movement, the gut swung around so that the ascending colon was lyin g in the position of the last half of the transverse colon, and the transverse colon had taken the position of the descending part (Fig. 8, 3.25) .
At the same time the tonic constrictions disappeared and were replaced by a strong, broad contraction of the circular muscle, tapering the contents off on either side in two cones. The region of strongest contraction was apparently drawn downward with the rest of the gut by a shortening of the descending colon. As the intestine swung around, more material was forced into the rectum, and when the swinging of the intestine stopped, the constriction which divided the lumen passed slowly downward and with the aid of the muscles surrounding the abdominal cavity pushed the separated mass out of the canal.' After the terminal mass had thus been pushed out, the colon with the remainder of its contents returned to nearly its former position (Fig. 8, 3 .46). About two hours afterward this remnant had been spread throughout the length of the large intestine by means of the slowly-moving rings. Fig. 7 is a radiograph of the same colon pictured in Fig. 8 ; the radiograph was taken at I I .50 A. M., and at 12.15 P. M. the material in the lower descending colon was forced out in the manner above described.
Within three hours the remaining portion had been spread into the evacuated region, as shown in Fig. 8,3 .1 I. The manner in which the material is spread from the region of the antiperistaltic waves into the region of the slowly advancing rings presents a problem.
During normal living new food constantly arriving in the colon must force the old contents forward emptying of these regions, according to my observations, is never complete ; for, after considerable time has elapsed and the large intestine is cleared and dilated with gas, some substance is still to be detected in the czcum and clinging to the walls of the ascending colon. The only activities manifested here are the antiperistaltic waves, and the strong tonic contraction of the whole circular musculature shown in Fig. 6 . It is clear that the latter activity would serve to press into the transverse colon a considerable portion of the contents of the ascendin g colon, and the remnant seen clinging to the walls would be the part not thus pressed forward. Twice I have seen appearances which might account for the emptying of the first portion of the large intestine in a more thorough manner than that above described. At one time, without apparent sti mula tion, stron g tonic contraction occu of the ascending colon, which forced the rred along the e con tents almost sntire length who1 ly into the transverse portion. This action seemed merely an exaggerated form of that observable after food Fig. 6 ). At another time, after a passes the ileocazcal valve (see . mass of food had passed through the ileoczcal valve, after the ascending colon had contracted generally and the antiperistaltic waves had coursed over it in the usual manner, a deep constriction appeared at the valve and ran upward without relaxation nearly the length of the ascending colon, pushing the contents before it. For an instant the wave paused; then the constriction relaxed, and the food returned toward the caecum. These observations indicate that either a general contraction of the wall of the large intestine or a true peristalsis may be effective in pressing waste matter from the region where antiperistalsis is the usual activity into the region where the slowly-advancing rings may carry it on to evacuation (see Fig. 7 ).
THE QUESTION OF ANTIPERISTALSIS.
In 1894, Grutzner 1 published an observation and made an assumption, about which there has since been much controversy.
He maintained that when normal salt solution, holding in suspension hair, powdered charcoal, or starch grains, is injected into the rectum, it is carried upward into the small intestine and may even enter the stomach. These experiments have been repeated by several observers. Some have confirmed Grutzner's results; others have failed,
Deutsche medicinische Wochenschrift, after using most careful methods, to find any evidence of the passage of the injected material back to the stomach, and they have declared that the apparent success was due to carelessly allowing the food of the animal to become contaminated with the test materials, so that these were introduced into the stomach by way of the mouth.
That antiperistalsis does not occur in the small intestine seems to be proved by Mall's experiment l of reversing a portion, sewing it in place, and then finding that the food does not pass the reversed region, but collects at the upper end. Sabbatani and Fasola2 reversed stretches of small intestine of varyin g length, and found that the reversed portions allowed fluids to pass, but that the persistence of the physiological direction of movement caused an accumulation of undigested food in the region of the upper suture.
However a portion of the intestine lay in relation to the rest, it always manifested the normal peristalsis. Many other observers 3 working directly on the intestine confirm this testimony and state that the progress of the constriction-rings is always downward and that antiperistalsis is not physiological. In 1898, however, Grtitzner 4 took his stand again in favor of a backward movement in the intestines, and in a somewhat metaphysical manner argued that peristalsis and antiperistalsis belong to each other just as relaxation of muscle is related to contraction.
He assumed that as the contents are advanced by slow peristalsis, so are they returned by a similar movement in the opposite direction, and he mentions several pathological cases (fistula of intestine) to substantiate the assumption.
By means of the X-rays it is possible to see just what takes place when a fluid is injected into the rectum.
For the purpose of determining how nutrient enemata are received and acted upon in the intestines, I have introduced thin fluid tnasses in large and small amounts, and thick, mushy masses in large and small amounts, in different animals.
The enemata consisted of IOO C.C. of milk, one egg, ten to fifteen grams of bismuth subnitrate, and two grams of starch to hold the bismuth powder in suspension. To make the thick enema all these were stirred together and boiled to a soft mush ; to make the thin enema all the parts were boiled together except the egg, which was added after the boiled portion was cooled. The small amount injected was 25 c.c.; the large amount almost go c.c., about the capacity of the large intestine when removed from the body. The animals were given first a cleansing injection, and after this was effective the nutrient material was introduced. In order to make sure of the observation, a control radiograph was first taken to show no bismuth food present, and other radiographs taken at varying intervals after the injection to record the course the food was following. 
These experiments
show that when small amounts of nutrient fluid are introduced they lie first in the descending colon. In every instance antiperistaltic waves are set going by the injection and the material is thereby carried to the csecum. When large amounts are injected they stop for a moment in the region between the transverse and descending colon as if a constriction existed there. Then a considerable amount of the fluid passes the point and antiperistaltic waves carry it to the czecum. In any case the repeated passing of the waves seems to have the effect of promoting absorption, for in the region where these waves continue running, the shadows become gradually more dim and finally the bismuth appears to be only on the intestinal walls ; in other regions, e. g., in the descending colon, the shadows retain their original intensity.
Small injections have never in my iv. B. cmtnota.
experience been forced even in part into the small intestine; but with the larger amounts, whether fluid or mushy, the radiographs show many coils of the small intestine containing the bismuth food. The passage of the injected material beyond the ileoczecal valve is probably due entirely to antiperistalsis in the colon, -a factor unknown to both Griitzner and his opponents. The valve, which is thoroughly competent for food coming normally from the small intestine into the large, is curiously incompetent for a substance, even of the consistency of thick cream, introduced in large amount by rectum.
When the valve first permits the food to enter the ileum, the fluid pours through and appears suddenly as a winding mass occupying several loops of the intestine (Fig. g, 1 .50, about ten minutes after the injection).
The mass is continuous from the valve to the other end ; antiperistalsis is therefore not visible in the small intestine under the circutnstances of this experiment. The antiperistaltic waves of the colon, however, continue running ; the transverse and ascending colon are thus almost emptied, and the small intestine more and more filled with food (Fig. g, 2. 15 and 3.00). After a short time the typical segmenting movements can be seen in the loops, busily separating the food into small masses, and over and over again dividing and redividing them.
I have never seen food material pass back from the colon so far a.s the stomach ; but once, about ten minutes after an injection of 100 C.C. of warm water, the cat retched and vomited a clear fluid resembling mixed water and mucus. In the fluid were two intestinal worms still alive.
The importance of the mechanism by which nutrient enemata are passed backward in the intestine is evident.
In the colon the nutrient material is worked over by the antiperistaltic waves, intimately mixed with whatever digestive juices may be present, and exposed to the organs of absorption in that region, If the enemata are large, the digestive and absorptive processes are by no means confined to the colon, but may take place along extensive surfaces of the small intestine.
I have repeatedly seen rhythmic segmentation active throughout many loops of the small intestine, thus exposing the injected food to the same mixing and absorbing processes as affect the nutriment which has come through the stomach in a normal manner. Observations on the stomach of the cat showed that the peristalsis is inhibited whenever the animal manifests signs of anxiety, rage, or distress .I Since the extrinsic innervation of a large part of the intestinaltract is the same as that of the stomach, it is of interest to note the effect of emotional states on the movements of the intestines. Esselmont,2 in a study of the dog's intestine, noted constantly after signs of emotion a marked increase of activity lasting for only a few moments. peristalsis.
Fubin?
also observed that fear occasioned more rapid There is no doubt that many emotional states are a strong stimulus to peristalsis, but it is equally true that other emotional states inhibit peristalsis,
In the cat the same conditions which stop the movements of the stomach stop also the movements of the intestines.
The female cats used in these observations ordinarily lie quietly on the hol'der and make no demonstration.
Sometimes, however, with only a little premonitory restlessness the cat II 35 II.37 suddenly flies into a rage, lashing her tail from During such excitement, and for some moments after the animal becomes pacified again the movements, both of the large and small intestine, entirely cease. Such violence of excitewas t is not restless necessary to cause the m oveme nts to sto p; aca t which and cant inually whining while co nfined to the holder, showed no signs of intestinal movements during my period of observation (one period lasted more than an hour), although the changes in the distribution of the food observable from one period to the next proved that movements were going on during the quiet intermissions. In another cat, uneasy and fretful for fifty minutes, no activity was seen ; then she became quiet for several minutes, and peristalsis of the small intestine appeared.
When the segmentation process in the small intestine is stopped by ever; the rear end is swept into union with the main body again, and the whole mass is pushed onward until another constriction repeats the changes.
4. The ileocxcal valve is thoroughly competent for food entering the colon from the ileum.
5. The usual movement of the transverse and ascending colon and the czecum is an antiperistalsis.
This recurs in periods about every fifteen minutes, and each period lasts commonly about five minutes; the waves recur during a period at the rate usually of eleven waves in two minutes.
This antiperistalsis gives new significance to the ileoczecal valve ; for the food, now in a closed sac, is thoroughly churned and mixed by the constrictions running towards the czcum, and again exposed to absorbing walls without any interference with the processes in the small intestine.
6. As soon as new food enters the large intestine a strong general con tract ion takes place alon g the czecum and ascending colon, forcing some of the food onward; a moment later antiperistaltic waves begin to pass.
7. With the accumulation of material in the transverse colon, deep tonic constrictions appear one after another and carry the material into the descending colon, leaving the transverse and ascending portions free for the antiperistaltic waves. 8. In emptying the large intestine the,material in the lower descending colon is first carried out by combined peristalsis and pressure of abdominal muscles ; the remainder of the material is then spread into the evacuated region, and this region is again cleared ; the second remainder may be similarly affected. In normal life the new food arriving in the colon must force forward the old contents of the ascending and transverse colon. g. The observations have revealed no evidence of antiperistalsis in the small intestine, but, since the ileocaecal valve will allow nutrient material under pressure to pass backward, the antiperistalsis of the large intestine may force into the small intestine a considerable portion of a large nutrient enema. Segmentation in the small intestine affects such an enema precisely as it affects food which has passed normally through the stomach. IO. Signs of emotion, such as fear, distress, or rage, are accompanied by a total cessation of the movements of both large and small intestines.
The movements continue in the cat both during sleep and at night.
